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A b s t r a c t




is  performed  by  means  of ABAQUS  software  –  this  allows  the  comparison  and  selection 
of optimal structures with respect to comfort requirements.
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S t r e s z c z e n i e
W artykule przedstawiono analizę komfortu dwóch siedzisk foteli biurowych o różnych kon-

















One  of  the  new  smart materials which  can  introduce  untypical mechanical  properties 
is negative Poisson’s ratio material (NPR material). The term ‘auxetics’ relates to negative 
Poisson’s  ratio  materials  due  to  the  fact  that  they  expand  in  a  perpendicular  direction 
when  subjected  to  a  tensile  load. Auxetic materials  are  of  particular  interest  due  to  their 
counterintuitive  behaviour  and  improved  properties  such  as  enhanced  strength,  fracture 
toughness,  energy  absorption  and  indentation  resistance  [1,  2]. Auxetic materials  can  be 






mechanical  effects. Auxetics  change  contact  pressure  distribution  and  can  be  useful  for 
reducing peak contact pressure. The behaviour of NPR materials has been examined in the 
context of the contact problem before the idea of its application in the design of office seats 































2. Mechanical measure of comfort 
Stress  distribution  induced  by  load  is  complex  due  to  the  occurrence  of  non-uniform 
pressure,  pinch  shear  and  horizontal  shear  stress.  Shear  stresses  of  both  kinds  cause 





















The  latest mechanical measure  of  sitting  discomfort  based  on  the  analysis  of  contact 





m= ⋅SPD   (2)
where:
A  ‒  contact area




















4. Mechanical properties of seats’ structural components 
The chosen materials for both seats have properties as described in Table 1.
T a b l e  1
Mechanical properties of the materials of the seats’ structural elements 




















Aligning layer Felt Linear elastic E = 2.58 kPa, ν = 0.3
Foam  stiffnes  has  been  established  in  compression  test  according  to  standard  PN-EN 
ISO 3386–1:2000/A1:2010E [17].
Spring  elements  are  modelled  as  hyper-elastic  materials  with  strain  energy  given  by 
formula (3):
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5. Numerical simulation and finite element model
  Numerical  simulation  of  the  indentation  test  is  carried  out  by  means  of ABAQUS 
FEA [19]. A static incremental load was applied to the rigid indenter up to a load of 790 N 





The  described  spatial  models  are  imported  into  the ABAQUS  FE  analysis  software 
package.  Due  to  symmetry,  it  was  only  necessary  to  analyse  half  of  the  structure.  The 
following discretisation was applied:
Seat type A: 
















The  author’s  program  in  Fortran  code  is  applied  to  calculate  the  following  comfort 
parameters:  mean  contact  stress,  contact  area,  seat  pressure  distribution  coefficient  and 
discomfort coefficient.
Maps  of  normal  stresses  in  subsequent  stages  of  quasi-static  load  for  the  foam  seat 












pm = 4.37 kPa  pm = 4.98 kPa  pm = 5.50 kPa  pm = 6.03 kPa
A = 480.6 cm2 A = 843.88 cm2 A = 1153.24 cm2 A = 1404.36 cm2
SPD = 4.494%  SPD = 3.312%  SPD = 2.896%  SPD = 2.898%













pm = 4.22 kPa  pm = 4.79 kPa  pm = 5.31 kPa  pm = 5.85 kPa
A = 503.5 cm2 A = 890.09 cm2 A = 1216.32 cm2 A = 1467.65 cm2
SPD = 5.00%  SPD = 3.229%  SPD = 2.810%  SPD = 2.844%


















structure  is of significant practical  interest because of  the need  to consider comfort  in  the 
design of seats.
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